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Case 1- Aortic arch aneurysm 69 
 70 
Clinical scenario. A 73-years-old male undergoes annual computed tomography angiography (CTA) surveillance 71 
of an atherosclerotic aortic arch aneurysm which was detected by change during a chest X-ray having been 72 
performed for unspecific pain 5 years ago. Within the last year, a diameter increase of 6mm with now a maximum 73 
diameter of 57mm was detected. The patient is clinically asymptomatic. Due to size and progression, therapy is 74 
recommended. 75 
 76 
Additional examinations guiding how to proceed. The patient undergoes a full cardiovascular workup 77 
including a new electrocardiogram (ECG)-triggered CTA starting cranially including the circle of Willis and 78 
extending below to the level of the femoral heads. Furthermore, coronary angiography, a trans-thoracic 79 
echocardiogram (TEE) as well as duplex scanning of the supraaortic branches is done. 80 
 81 
Constellations favoring open aortic arch replacement. The aortic arch aneurysm is accompanied by proximal 82 
ascending aortic dilatation up to 47 mm in the mid-ascending aorta and 55 mm at the level of the offspring of the 83 
brachiocephalic trunk. At the transition between zone 2 and zone 3, the diameter is 38 mm.  84 
 85 
Arch morphology is a type III aortic arch and the distance between the sternal notch and the left subclavian artery 86 
(LSA) is 5cm which should enable a sufficient exposure of the entire aortic arch pathology by median sternotomy. 87 
The maximum diameter of the aortic root is 38 mm. There is a moderate but heavy calcified aortic valve stenosis 88 
and a 90% complex stenosis of the left anterior descending coronary artery (LAD). Biventricular function is normal 89 
and the remaining valvular status shows morphologically and functionally regular findings. The supraaortic 90 
vessels are free from hemodynamically significant lesions.  91 
 92 
Treatment plan. The patient is recommended to undergo an open ascending and aortic arch replacement, a left 93 
internal mammary artery bypass to the LAD. Finally, aortic valve replacement with a biological prosthesis is done. 94 
The aortic arch will be replaced with a branched graft to eliminate the largest possible amount of native diseased 95 
aortic arch tissue and to reduce the risk of any kind of suture aneurysm by a trade-off in leaving native aortic arch 96 
tissue in place. 97 
 98 
Constellations favoring open arch replacement using the frozen elephant trunk (FET) technique. CTA 99 
shows that zone 3 is still diseased with a maximum diameter of 55mm and regular diameters are reached again in 100 
proximal zone 4. The aortic root diameter is 37 mm, the mid-ascending diameter is 45 mm. The valvular status is 101 
regular and there is no coronary heart disease.  102 
 103 
Treatment plan. The patient is recommended to undergo total aortic arch replacement using the FET technique 104 
including supracoronary replacement of the ascending aorta. The descending anastomosis of the FET prosthesis 105 
cuff (at the transition between the surgical prosthesis and stent-graft portion) can be performed proximal in the 106 
aortic arch in zone 2 to reduce the risk of the left laryngeal nerve palsy and to have better exposure due to the 107 
gained proximity which also easens hemostasis. The stent-graft portion of FET prosthesis should be either 108 
chosen to be able to treat the entire pathology in one step or- if any kind of doubt regarding elevated risk of the 109 
occurrence of symptomatic spinal cord injury arises- should be chosen short with secondary distal thoracic 110 
endovascular aortic repair (TEVAR) extension. Intraoperative aortoscopy during hypothermic circulatory arrest is 111 
not mandatory, however may be very helpful to control the distal landing zone and the stent-graft portion 112 
deployment process.  113 
 5 
Constellations favoring hybrid aortic arch replacement. The ascending aortic diameter is 37mm and the 114 
aortic arch aneurysm starts in zone 2 extending to the transition of zone 4 to zone 5. Revascularization of both the 115 
left common carotid artery (LCCA) and the LSA would provide a 2.5 cm long proximal landing zone.   116 
 117 
Treatment plan. The patient is recommended to undergo a double transposition of supraaortic vessels via upper 118 
median hemi-sternotomy. This operation includes transposition of the LCCA into the brachiocephalic trunk 119 
followed by transposition of the LSA into the already transposed LCCA. In case of isolated off-spring of the left 120 
vertebral artery from the aortic arch, it can be re-implanted to the LCCA or LSA with or without (depending on the 121 
local anatomical situation) with an interposition of the great saphenous vein. Due to the extent to the transition of 122 
zone 4 to zone 5, a CSF drainage is inserted prior to the procedure for spinal cord protection. 123 
 124 
 125 
Constellations favoring branched endovascular aortic arch repair. The patient has regular ascending aortic 126 
dimensions without any signs of atherosclerotic affection. The pathology ends at the transition between zone 3 127 
and zone 4. CTA shows that the distance between the brachiocephalic trunk and the LSA is short and double 128 
transposition might provide a proximal landing zone of only 1.5 cm in zone 1. There is no coronary heart disease 129 
and the valvular status is normal, however the left ventricular ejection fraction is severely reduced to 25%. The 130 
anatomy of the aortic arch including supraaortic vessel diameter is suitable for implantation of a double branched 131 
endo-graft, distal access vessels are suitable for retrograde delivery of the main portion of the stent-graft and 132 
proximal access vessels are suitable for bridging stent-grafts into the brachiocephalic trunk and into the LCCA. As 133 
commercially available prostheses do have two branches, the LSA needs revascularization either in advance or- 134 
preferably to avoid a second opening of the incision, simultaneously. 135 
 136 
Treatment plan. The patient is recommended to undergo LSA to LCCA bypass on the left side and implantation 137 
of a double branched endo-graft via the femoral artery. As the distal landing zone of the stent-graft component is 138 
at the transition between zone 3 and zone 4, CSF drainage is not deemed necessary for additional spinal cord 139 
protection. 140 
 141 
 142 
 143 
 144 
 145 
 146 
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Case 2- Descending aortic aneurysm involving the distal aortic arch 148 
 149 
Clinical scenario. A 77- year old male presents with 65mm thoracic aortic aneurysm starting immediately distal 150 
to the LSA origin in zone 3. Five centimeter cranial to the celiac trunk in zone 5, the diameter becomes regular 151 
again. The diagnosis was made by chance as the patient had a chest x-ray prior to an urological procedure.  152 
 153 
 154 
Additional examinations guiding how to proceed. The patient undergoes a full cardiovascular workup 155 
including a new ECG triggered CTA starting cranially including the circle of Willis and extending below to the level 156 
of the femoral heads. Furthermore, coronary angiography, a trans-thoracic echocardiogram (TEE) as well as 157 
duplex scanning of the supraaortic branches is done. 158 
  159 
 160 
Constellations favoring a limited combined vascular and endovascular procedure. Coronary angiography 161 
reveals regular findings. Echocardiography shows a good biventricular function, a morphologic and functional 162 
regular valvular status, the supraaortic vessels are free from hemodynamically relevant lesions. The proximal 163 
landing zone without any kind of transposition is 8mm from the distal end of the LSA offspring to the begin of the 164 
lesion measured on the inner curvature of the aortic arch. Diameters of the ascending aorta and the aortic arch at 165 
the level of the intended proximal landing zone are 3.8cm and 3.6cm respectively. LSA to LCCA bypass/ 166 
transposition would provide a proximal landing zone of 2.5cm. Access vessels for retrograde delivery do have a 167 
sufficient size and morphology. 168 
 169 
 170 
Treatment plan. The patient is recommended to undergo LSA to LCCA bypass/ transposition with simultaneous 171 
TEVAR. A CSF drainage is inserted prior to the procedure for spinal cord protection. 172 
 173 
 174 
Constellations favoring a more extensive combined vascular and endovascular procedure. Coronary 175 
angiography reveals regular findings. Echocardiography shows a good biventricular function, a morphologic and 176 
functional regular valvular status, the supraaortic vessels are free from hemodynamically relevant lesions. 177 
Diameters of the ascending aorta and the aortic arch at the level of the intended proximal landing zone are 3.8cm 178 
and 3.6cm respectively. The proximal landing zone without any kind of transposition is 8mm from the distal end of 179 
the LSA offspring to the begin of the lesion measured on the inner curvature of the aortic arch but LSA to LCCA 180 
transposition would merely extend the proximal landing zone to 14mm. Additionally, the patient has an isolated 181 
offspring of the left vertebral artery. A more extensive form of transposition (double transposition- in this case 182 
actually triple transposition due to the isolated left vertebral artery offspring) would extend the proximal landing 183 
zone to 2.7cm. Access vessels for retrograde delivery do have a sufficient size and morphology. 184 
 185 
 186 
Treatment plan. The patient is recommended to undergo double transposition (LCCA to brachiocephalic trunk 187 
and LSA to LCCA transposition with additional transposition of the left vertebral artery) with simultaneous TEVAR 188 
from zone 1 to zone 5. A CSF drainage is inserted prior to the procedure for spinal cord protection. 189 
 190 
Constellations favoring a total endovascular approach. Coronary angiography reveals 2-vessel disease with 191 
lesions being good targets for percutaneoud coronary intervention (PCI). Echocardiography shows a severely 192 
reduced left ventricular function, the valvular status is morphologically and functionally regular, the supraaortic 193 
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vessels are free from hemodynamically relevant lesions. The proximal landing zone without any kind of 194 
transposition is 8mm from the distal end of the LSA offspring to the begin of the lesion measured on the inner 195 
curvature of the aortic arch. Diameters of the ascending aorta and the aortic arch at the level of the intended 196 
proximal landing zone are 3.8cm and 3.6cm respectively. Neither LSA to LCCA nor double transposition would 197 
create a sufficient proximal landing zone, but due to the regular ascending aortic diameters, total endovascular 198 
aortic arch repair (together with LSA revascularization) is possible. Access vessels for retrograde delivery do have 199 
a sufficient size and morphology. 200 
 201 
 202 
Treatment plan. Due to new onset of symptoms (hoarseness due to left laryngeal nerve palsy) a certain kind of 203 
time pressure to accomplish treatment arose. The initial plan to perform PCI and to wait until the time frame for 204 
dual antiplatelet therapy is too risky (CSF drainage insertion requires refraining from any kind of antiaggregatory 205 
therapy to avoid bleeding complications during insertion). The patient undergoes simultaneous LSA to LCCA 206 
revascularization and branched endovascular aortic arch repair with distal TEVAR extension to exclude the entire 207 
lesion from zone 0 down to zone 5. On day 2, CSF drainage was removed and on day 7, 2 vessel PCI was 208 
successfully performed. 209 
 210 
 211 
Constellations favoring open surgery using the FET approach with secondary distal TEVAR extension. 212 
Coronary angiography reveals 3-vessel disease with lesions being suboptimal targets for PCI. Echocardiography 213 
shows a regular biventricular function but hemodynamically significant aortic stenosis with a calcific distribution 214 
pattern being suboptimal for transcatheter aortic valve implantation (TAVI). The proximal landing zone without any 215 
kind of transposition is 8mm from the distal end of the LSA offspring to the begin of the lesion measured on the 216 
inner curvature of the aortic arch. Neither LSA to LCCA nor double transposition would create a sufficient 217 
proximal landing zone, the diameter of the ascending aorta is 4.5cm, which obviates total aortic arch debranching 218 
as to the high risk of retrograde type A aortic dissection. Access vessels for secondary retrograde delivery do 219 
have a sufficient size and morphology. 220 
 221 
Treatment plan. The patient is recommended to undero triple CABG (LIMA-LAD, saphenous vein grafts to CX 222 
and RCA- total arterial revascularization is not preferred as to the potential need for vasopressors after total aortic 223 
arch replacement and the risk for vasospasm-, biological aortic valve replacement and aortic arch replacement 224 
using the FET technique with a short stent-graft component ending in the proximal zone 4. After a recovery phase 225 
of 6 weeks, the patient undergoes TEVAR extension down to zone 5 having had CSF drainage insertion in 226 
advance after temporary withdrawal of antiaggregatory therapy. 227 
  228 
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Case 3- Remaining dissection after type A repair 229 
 230 
Clinical scenario. A 76 year-old male patient presents with a 67mm proximal descending aortic aneurysm on the 231 
basis of a remaining dissection 5 years after type A repair. At that time, the patient received a supracoronary 232 
ascending aortic replacement with a 28mm tube graft. At index surgery, hemiarch replacement was performed. 233 
The patient was lost to follow-up due to a change of residence and now had a chest X-ray due to planned 234 
orthopedic surgery showing a large mediastinal mass. Secondarily, a non-ECG triggered thoracic CTA was 235 
performed establishing the diagnosis. The mechanism for aneurysm formation is thought to be a large 236 
communication between the true and the false lumen in zone 2 functionally acting as a new primary entry tear 237 
enhancing continuing growth. 238 
 239 
 240 
Additional examinations guiding the decision how to proceed. The patient undergoes a full cardiovascular 241 
workup including a new ECG triggered CTA starting cranially including the circle of Willis and extending below to 242 
the level of the femoral heads. Furthermore, coronary angiography, a trans-thoracic echocardiogram (TEE) as 243 
well as duplex scanning of the supraaortic branches is done. 244 
 245 
 246 
Constellations favoring open surgery using the FET technique. CTA shows remaining dissection of all three 247 
supra aortic vessels. The descending aorta reaches a regular size at the transition between zones 4 and 5, the 248 
size of the true lumen is 32x20mm, there are no communications between the lumina at the thoracic level, the 249 
celiac trunk, the superior mesenteric artery and the right renal artery originate from the true lumen, the left renal 250 
artery originates from the false lumen with a communication between lumina at that level. TTE shows good 251 
biventricular function but moderate aortic regurgitation with a vena contracta of 4mm based on a 252 
remaining/recurring prolapse of the non/right coronary commissure. The remaining valvular status is 253 
morphologically and functionally normal. Coronary angiography and duplex scanning of the supraaortic branches 254 
show regular findings. 255 
 256 
 257 
Treatment plan. The patient is recommended to undergo total aortic arch replacement using the FET technique 258 
using the short stent-graft component for spinal cord protection extending into the transition between zones 3 and 259 
4 with the potential to induce complete remodeling of the entire thoracic aorta simultaneously with biological aortic 260 
valve replacement to fix the aortic regurgitation component. In case of need of distal extension, secondary 261 
TEVAR can be performed at a later stage according to the completion CTA findings. The left renal artery 262 
originating from the false lumen is not at risk after thoracic false lumen thrombosis as the communication between 263 
both lumina will provide continuing blood supply across the membrane. 264 
 265 
 266 
Constellations favoring classical ET implantation. CTA shows remaining dissection of all three supra aortic 267 
vessels. The descending aorta reaches a regular size at the transition between zones 4 and 5 However, the true 268 
lumen shows a pseudocoarctation-like narrowing at the level of zone 4. The celiac trunk, the superior mesenteric 269 
artery and the right renal artery originate from the true lumen, the left renal artery originates from the false lumen 270 
with a communication between lumina at that level. 271 
 272 
Treatment plan. True lumen FET implantation is highly likely to induce immediate lower body malperfusion. 273 
Therefore a two-step approach to fix the entire disease process is needed. The patient is recommended to 274 
 9 
undergo total aortic arch replacement using the classical ET technique with excision of the dissection membrane 275 
during lower body hypothermic circulatory arrest as distal as possible to maintain regular distal perfusion and to 276 
be able to access the ET component in zone 4 at the second stage. After recovery, distal open surgical extension 277 
to zone 5 is done. 278 
 279 
Constellations favoring transposition of supraaortic vessels and TEVAR.  CTA shows no remaining 280 
dissection of the supraaortic vessels, the aortic arch is free from remaining dissection up to zone 2. The 281 
descending aorta reaches a regular size at the transition between zones 4 and 5, the size of the true lumen is 282 
32x20mm, there are no communications between the lumina at the thoracic level, the celiac trunk, the superior 283 
mesenteric artery and the right renal artery originate from the true lumen, the left renal artery originates from the 284 
false lumen with a communication between lumina at that level. Subclavian-to-carotid bypass/ transposition would 285 
create a 2.5cm landing zone for TEVAR. The CTA showed an interrupted circle of Willis with the rare constellation 286 
of a stand-alone left vertebral artery supplying the entire posterior circulation with no posterior communicant 287 
arteries. 288 
 289 
 290 
Treatment plan. The patient is recommended to undergo LSA to LCCA bypass (as transposition needs longer 291 
clamping times creating unnecessary risk in this stand-alone left vertebral artery constellation) with TEVAR 292 
extending into zone 5 where aortic diameters are regular. The procedure is performed using a CSF drainage for 293 
spinal cord protection. The left renal artery originating from the false lumen is not at risk after thoracic false lumen 294 
thrombosis as the communication between both lumina will provide continuing blood supply across the 295 
membrane. 296 
Constellations favoring total endovascular aortic arch repair: CTA shows that the indwelling ascending aortic 297 
prosthesis has a sufficient length of 8cm, there is no remaining dissection of the supraaortic branches. The left 298 
common carotid artery has a diameter of 8mm. The descending aorta reaches a regular size at the transition 299 
between zones 4 and 5, the size of the true lumen is 32x20mm, there are no communications between the lumina 300 
at the thoracic level, the celiac trunk, the superior mesenteric artery and the right renal artery originate from the 301 
true lumen, the left renal artery originates from the false lumen with a communication between lumina at that 302 
level. Regarding the proximal landing zone, neither subclavian-to-carotid bypass/ transposition or even double 303 
transposition would gain a sufficient landing zone length. The valvular status is regular. However, left 304 
ventricular ejection fraction is severely reduced and the patient has poor pulmonary function. 305 
 306 
 307 
Treatment plan. A total endovascular approach is recommended due to an ideal proximal landing zone 308 
consisting of a long straight ascending graft and due to a sufficiently large left common carotid artery for 309 
placement of the supraaortic extension (vessels smaller then 7mm are not recommend as the risk for graft 310 
occlusion is high). Simultaneous subclavian-to-carotid bypass grafting for maintaining posterior cerebellar 311 
circulation and for maintaining inflow to the spinal cord is performed. Additionally, distal TEVAR extension into 312 
zone 5 should be considered. The procedure is performed using a CSF drainage for spinal cord protection. The 313 
left renal artery originating from the false lumen is not at risk after thoracic false lumen thrombosis as the 314 
communication between both lumina will provide continuing blood supply across the membrane 315 
  316 
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Case 4- Type B aortic dissection 317 
 318 
Clinical scenario. A 58-year-old male patient with a chronic type B aortic dissection is presented at the outpatient 319 
clinic for an expert opinion. For six years, the type B dissection is asymptomatic under best medical treatment. 320 
The patient reports no physical restrictions. The ECG triggered CTA confirms the location of the primary entry tear 321 
immediately distal to the LSA offpsring. The dissection extends downstream along the entire thoracoabdominal 322 
aorta and ends in zone 10. Both visceral arteries and the right renal artery arise from the true lumen beside the 323 
left renal artery, which is perfused from both the true and the false lumen. All thoracic segmental arteries arteries 324 
arise from the false lumen. The diameter of the proximal descending aorta is 58mm and demonstrates 325 
progression of 8mm within the last year.   326 
 327 
Additional examinations guiding the decision how to proceed. The patient undergoes a full cardiovascular 328 
workup including a new ECG triggered CTA starting cranially including the circle of Willis and extending below to 329 
the level of the femoral heads. Furthermore, coronary angiography, a trans-thoracic echocardiogram (TEE) as 330 
well as duplex scanning of the supraaortic branches is done. 331 
 332 
Constellations favoring a combined vascular and endovascular approach. The true lumen in CTA is in Zone 333 
4 and 5 not collapsed. Multiplanar reformation of the thoracic aorta from 1.5mm CTA slices demonstrates: 334 
• Diameter of the ascending aorta 40mm.  335 
• Diameter in Zone 2 35mm. 336 
• Sealing zone between the distal rim of left carotid artery orifice and the entry tear 23mm. 337 
• Diameter of the entire aorta in Zone 4 and 5 42mm. 338 
• Maximal and minimal diameter of the true lumen in Zone 4 and 5 28x11mm, respectively. 339 
 340 
The diameter of left common carotid artery is 8mm. In CTA and carotid artery ultrasound nor calcification either 341 
stenosis is observed in left common carotid artery. In cerebral CTA, the Willis circle is complete.  342 
 343 
Treatment Plan. A two-staged approach is recommended: First subclavian-to-left carotid artery bypass followed 344 
by TEVAR starting in zone 2 extending into zone 5 is planned. Occlusion of the subclavian artery origin proximal 345 
to vertebral artery will be performed during the first surgical procedure or endovascular during the second 346 
procedure. Due to the perfusion of all intercostal arteries from the false lumen and the risk of spinal cord injury 347 
stent-graft deployment above the level TH8 will be planed. Extension of the treatment downstream will follow 348 
thereafter, if remodeling will be insufficient. Prior to TEVAR, the patient receives a cerebrospinal fluid drainage for 349 
spinal protection. 350 
 351 
 352 
 353 
Constellation favoring open surgery FET. CTA shows the true lumen in Zone 4 and 5 not collapsed. The 354 
maximum diameter of the potential proximal landing zone in zone 2 is greater than 40mm and the potential length 355 
is less than 20mm. Another constellation could be concomitant aneurysm of the ascending aorta more than 50mm 356 
extending into the arch.  357 
 358 
 359 
Treatment Plan. A frozen elephant trunk procedure is planned. CSF drainage is not routinely required but should 360 
be considered according to the intended length of the TEVAR component of the FET prosthesis. The basic 361 
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strategy should be closure of the primary entry tear and according to the consecutive extent of remodeling, 362 
secondary TEVAR to extend into the distal zone 5 if needed. 363 
 364 
 365 
Constellation favoring open distal arch and descending aortic repair. The true lumen in CTA in Zone 4 366 
and 5 is collapsed. Two channels of false lumen are embracing the true lumen in the middle. The diameter of the 367 
aortic arch is 35mm.  368 
 369 
Treatment Plan. Open surgical repair of the distal arch and the descending aorta via a left posterolateral 370 
thoracotomy is considered. Monitoring of cerebrospinal fluid pressure and somatosensory and motor evoked 371 
potentials will be planned intraoperatively. A left-heart or partial bypass will be used to avoid hypothermic 372 
circulatory arrest.   373 
 374 
 375 
  376 
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Case 5- Non-A-non-B aortic dissection 377 
 378 
Clinical scenario. A 65-year-old male is admitted to the emergency departement because of acute and severe 379 
chest pain and compensated ischemia of the left leg. The patient presents with uncontrolled hypertension. The 380 
ECG triggered CTA shows a non-- non-B aortic dissection extending into the aortic arch with the descending 381 
aortic true lumen collapse. The patient presents a normal neurological status. 382 
 383 
 384 
Additional findings guiding the decision how to proceed. The patient undergoes a full cardiovascular workup 385 
including a new ECG triggered CTA starting cranially including the circle of Willis and extending below to the level 386 
of the femoral heads. Furthermore, coronary angiography, a trans-thoracic echocardiogram (TEE) as well as 387 
duplex scanning of the supraaortic branches is done. 388 
 389 
 390 
Constellations favoring open surgery using the FET technique. CTA shows entry in the aortic arch at the 391 
outer curvature between the left common carotid and the left subclavian artery. Dissection is extending in the arch 392 
up to the distal edge of the brachiocephalic trunk and into the left carotid artery. The maximum diameter of the 393 
ascending aorta is 47 mm. In the trans-thoracic echocardiogram moderate aortic valve regurgitation is observed. 394 
The remaining valvular status is normal. The biventricular function is good. 395 
 396 
Treatment plan. The patient is recommended to undergo total aortic arch replacement using the FET technique 397 
including replacement of the ascending aorta and biological aortic valve replacement. The anastomosis of the 398 
FET prosthesis cuff (at the transition between the surgical prosthesis and stentgraft portion) can be performed in 399 
zone 2 to reduce the risk of recurrent nerve injury. The stent-graft portion length of FET prosthesis should be 400 
short (the intention is to close the primary entry tear) to reduce the remaining risk of symptomatic spinal cord 401 
injury to a minimum. Since the entry is close to the left subclavian artery, the short stent-graft portion will still allow 402 
closure of the primary entry tear, effective redirection blood flow into the true lumen, true lumen expansion, most 403 
probably eliminating lower extremity malperfusion and in the mid-term follow-up remodeling of the thoracic aorta. 404 
 405 
Constellations favoring transposition of supraaortic vessels and TEVAR. CTA shows no dissection of 406 
supraaortic vessels and the entry is 2 cm distal to the left subclavian artery. There is a retrograde intramural 407 
haematoma extending into the arch up to zone 2. Ascending aortic diameter is 38 mm and in the transthoracic 408 
echocardiography the aortic valve is morphological and functional normal. Subclavian-to-carotid 409 
bypass/transposition would provide a 3.5 cm TEVAR landing zone free of dissection entry. 410 
 411 
Treatment plan. Subclavian-to-carotid bypass/ transposition and TEVAR zone 2 are recommended to the patient. 412 
Since the ascending aorta is normal, the risk of retrograde dissection is low and TEVAR using a 3.5 cm free of 413 
entry landing zone will redirect the blood-flow into the true lumen, close the primary entry tear and most probably 414 
eliminate lower extremity malperfusion.  415 
 416 
 417 
 418 
  419 
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Case 6- Aortic arch intramural hematoma (IMH) 420 
 421 
Clinical scenario. A 72-year-old woman with a history of hypertension, smoking, and diabetes presents with 422 
acute onset of piercing chest pain. Upon examination she has high blood pressure (210/100 mmHg). Emergency 423 
computed tomography angiography reveals an intramural hematoma extending from zone 2 to zone 5. There is 424 
no visible intimal disruption or penetrating aortic ulcer-like projection. The maximum diameter of the IMH is 4.5 cm 425 
and of the proximal descending aorta 3.0 cm. 426 
 427 
Additional findings guiding how to proceed. Strict blood pressure and pain management was initiated 428 
immediately, which quickly rendered the patient symptomless. After 7 days, the patient was discharged home 429 
after having had a completion CTA with stable findings and was scheduled for a follow-up visit 3 months later. 430 
 431 
Treatment plan. Best medical treatment. 432 
 433 
 434 
Outpatient examination after 3 months. At 3-month follow-up, the patient reports an uneventful clinical course. 435 
Computed tomography angiography shows a maximum diameter of the distal aortic arch at the transition of zone 436 
2 to zone 3 of 5.5 cm with a 1.2cm hematoma component and additionally the primary entry tear has demasked in 437 
zone 2 immediately opposite the LSA offspring. The descending thoracic aorta remains unchanged. Formally, 438 
rapid expansion has occurred and the diameter threshold of 5.5cm has been reached. 439 
 440 
 441 
Additional findings guiding the decision how to proceed. The patient undergoes a full cardiovascular workup 442 
including a new ECG triggered CTA starting cranially including the circle of Willis and extending below to the level 443 
of the femoral heads. Furthermore, coronary angiography, a trans-thoracic echocardiogram (TEE) as well as 444 
duplex scanning of the supraoortic branches is done.  445 
 446 
 447 
Constellations favoring a combined vascular and endovascular procedure. Despite IMH the extension into 448 
zone 2, LSA to LCCA bypass creates a 2.5cm from the primary entry tear to the distal LCCA offspring and 449 
thereby a sufficient proximal landing zone for TEVAR. Ascending aortic diameter is 36mm and aortic arch 450 
diameter at the level of the proximal landing zone ins 34mm. Access vessel diameter for retrograde delivery is 451 
8mm and therefore adequate. Biventricular function is good, the valvular status is morphologically and functionally 452 
normal, the coronary angiogram shows regular findings and the supraaortic vessels are free from 453 
hemodynamically relevant lesions. 454 
 455 
 456 
Treatment plan. LSA to LCCA bypass/ transposition and TEVAR extending from zone 2 to zone 4 as the primary 457 
entry tear thereby is fully closed. A CSF drainage is inserted prior to the procedure for spinal cord protection. 458 
 459 
  460 
Constellations favoring open surgery with primary use of the FET technique. CTA shows a maximum 461 
diameter of the distal aortic arch at the transition from zone 2 to zone 3 of 5.5 cm and additionally the primary 462 
entry tear has demasked in zone 2 immediately opposite the LSA offspring.  The maximum diameter of the 463 
descending aorta is now 5.0cm reaching regular diameters in zone 5. From the now visible primary entry tear 464 
downstream, a classical type B dissection component has developed expending into zone 10.  Echocardiography 465 
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confirms normal valve function and a good biventricular function. Coronary angiography shows a significant 466 
stenosis of the right coronary artery and duplex scanning of the supraaortic branches shows regular findings. 467 
Additionally, the ascending aorta has a maximum diameter of 45mm and transposition of all three arch vessels 468 
would be needed to create a sufficient proximal landing zone for TEVAR. 469 
 470 
Treatment plan. The patient was scheduled for coronary artery bypass surgery and a frozen elephant trunk 471 
procedure using the short stent-graft component as the primary entry tear was thereby covered. No CSF drainage 472 
was inserted as by the strategy chosen, the remaining risk of symptomatic spinal cord injury was deemed very 473 
low. The option for secondary TEVAR extension remains if aortic remodeling turns out to be insufficient. Total 474 
aortic arch rerouting was not favored as the combination of total aortic arch rerouting and TEVAR in patients with 475 
acute aortic syndromes (in addition with a large ascending aortic diameter) has a substantial risk for retrograde 476 
type A aortic dissection. 477 
 478 
 479 
 480 
 481 
 482 
 483 
  484 
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Case 7- Aortic arch penetrating atherosclerotic ulcer (PAU) 485 
 486 
Clinical scenario. A 62-year-old male with prostate carcinoma underwent CTA for carcinoma staging. CTA 487 
shows a large PAU with diameters 25/30 mm in the distal aortic arch. The patient is asymptomatic and he has no 488 
history of previous aortic repair. There are no metastases of prostate carcinoma. 489 
 490 
Additional examinations guiding the decision how to proceed. The patient undergoes a full cardiovascular 491 
workup including a new ECG triggered CTA starting cranially including the circle of Willis and extending below to 492 
the level of the femoral heads. Furthermore, coronary angiography 493 
 494 
Constellations favoring transposition of supraaortic vessels and TEVAR. CTA shows PAU in the distal aortic 495 
arch at the lesser curvature at the level of the left subclavian artery at the transition from zone 2 to zone 3. The 496 
maximum diameter of the ascending aorta, aortic arch and descending aorta are 38, 35 and 32 mm, respectively. 497 
In TEE, the valvular status is normal and in the coronary angiography there is no significant coronary heart 498 
disease. 499 
 500 
Treatment plan. Since revascularization of the LSA will provide a sufficient proximal landing zone of 28 mm, both 501 
LSA to LCCA bypass/ transposition and zone 2 TEVAR are recommended. In case of a too short distance 502 
between the LSA and the LCCA, double transposition and zone 1 TEVAR might be recommended. To minimize 503 
the risk of symptomatic spinal cord injury-graft (10-15 cm) is recommended. As the distal landing zone is in the 504 
proximal zone 4, CSF drainage might be omitted, if there are no large thoracic segmental artery offsprings at rthat 505 
level. 506 
 507 
Constellations favoring branched arch endo-graft implantation. CTA shows that the distance between the 508 
brachiocephalic trunk and the LSA is short and that double transposition might provide a proximal landing zone of 509 
only 1.3 cm. The dimensions of the ascending aorta are regular showing a 37mm maximum diameter. There is a 510 
50% stenosis of the left anterior descending coronary artery and the valvular status and left ventricular ejection 511 
fraction are normal. The patient is under cortisone for 18 years due to severe polyarthritis and the healing process 512 
after any skin incision is challenging. The anatomy of the aortic arch including supraaortic vessels is suitable for 513 
implantation of a double branched endo-graft. Access vessels show regular diameters for retrograde stent-graft 514 
delivery. 515 
 516 
Treatment plan. The patient is recommended to undergo subclavian-to-carotid bypass on the left side and 517 
implantation of the double branched endo-graft via the femoral artery.  518 
 519 
 520 
Constellations favoring open surgery using the FET technique. CTA shows that the maximal diameter of the 521 
ascending aorta is 49 mm and the patient has an aortic valve moderate stenosis and moderate insufficiency. The 522 
left ventricle is dilated. Furthermore, there is a severe coronary heart disease with significant stenosis in left and 523 
right coronary system. PAU is situated at the level of the left subclavian artery at the transition from zone 2 to 524 
zone 3. 525 
 526 
Treatment plan. The patient is recommended to undergo total aortic arch replacement using the FET technique 527 
including replacement of the ascending aorta, biological aortic valve replacement and revascularization of the 528 
coronary arteries. The anastomosis of the FET prosthesis cuff (at the transition between the surgical prosthesis 529 
and stent-graft portion) can be performed proximal to the aortic arch PAU in zone 1 or 2 to ensure the circular 530 
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aortic wall for the cuff-aortic wall anastomosis and to reduce the risk of recurrent nerve injury. The stent-graft 531 
portion length of FET prosthesis should be short in order reduce the remaining risk of spinal cord injury to a 532 
minimum.  533 
 534 
 535 
  536 
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Case 8- Graft infection involving the aortic arch  537 
 538 
Clinical scenario. A 68- year old male presents with fever and elevated inflammatory parameters 4 months after 539 
aortic root replacement with a biological valve carrying conduit and after simultaneous ascending and hemiarch 540 
replacement due to aneurysmal formation. Due to diffuse bleeding during the index procedure, the sternum 541 
remained open and chest sponge tamponade was performed for 48 hours, afterwards, the sternum was closed 542 
and the remaining clinical course was uneventful. Standard antibiotic therapy according to the institutional 543 
protocol was applied. 544 
 545 
Additional examinations guiding how to proceed. The patient undergoes a full cardiovascular workup 546 
including a new ECG triggered CTA starting cranially including the circle of Willis and extending below to the level 547 
of the femoral heads. As compared to the completion CT scan at discharge, air bubbles can be seen surrounding 548 
the prosthesis. At the level of the hemiarch anastomosis, a pseudoaneurysm can be seen. The neurocranium is 549 
free from detectable embolic events. A trans-thoracic echocardiogram shows vegetations on the biological valve. 550 
Blood cultures show a Staphylococcus aureus sepsis. Therefore and also because the coronary angiogram 551 
showed regular findings at the index procedure, repetition was omitted. 552 
 553 
 554 
Constellations favoring a conservative approach. None, if the clinical conditions are good. 555 
 556 
 557 
Treatment plan. The patient is recommended to undergo redo surgery with complete explantation of the 558 
alloplastic material, radical debridement and orthotopic reconstruction using a neoaortic root formed from a bovine 559 
xenopericardial tube and a biological prosthesis, ascending and hemiarch replacement using an additional neo-560 
aortic xenopericardial tube-graft. Alternatively, a homograft for the aortic root can be used. Also, re-alloplastic 561 
reconstruction with the option of additional omental flap plasty can be considered but the remaining risk of 562 
reinfection then seems to be higher. In addition, life-long antibiotic therapy is warranted. 563 
 564 
 565 
 566 
  567 
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